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1. 2^^A^• SAilAi(ES)_1S 2.gXIOII£|5j^ 

^oioji£i. asiA|o|^eii)f?§a j\ 
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^^^*>^ ^lS«c}-'^<Hl ^-^S. ^ ^^^} 4i>^>^ 7]:S:>^H1, dt^ ^^^S. 

O]^^, ^^dz ^ ^Eflol ^^O] ygo^^ ti>:£^1^3j^.^ ti>:£^lf.o^ AVololl ^^^^ 

£ 11a 

^^;^> ^^V, ^^H^, HSG 
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^^7]- ^7\, n ^ ^^:^} ^:^}s^ MOS -^Alofl ^>^^*1-^ 

{Single electron device. Method of manufacturing the same and Method of 
manufacturing Single electron device and MOS transistor simulataneously} 

£ 1^ MOSFETsq- -9r^}^ ^2fl7l#<^l ^^^> S.^^1^ib1o| ^fle^^ 

£. 3^ ^ ^^Sl w>^3jt!: ^tb ^S^l ^l:^^! SOI 

£ 4a, £ 4b £ 11a, £ llb^ ^ wl-^^tb ^^Hl^l ^tb ^^^> S 

£ 12a S. 12c^ ^ -i-^^H M-i::^^^ a.7l 

£. 13a S. 13c^ ^ ^^<^1* -^^^i -^s]^ i-^ii^^ 3.7] ^S. 

£ 14^ ^ ^^€r M-ic^^ SEM 'U^]^. 
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<8> ^ ^^^> ^^Hl ^tb ^-^s., ^^1^ o.s.^ tiv^^ ^sie 7l 

<9> ^^^> ^i^XSingle electron device)^ l7flS ^ ^:^> 

711^21 ^^^> :d^^>7f ojol ;^l]<y:£lo:| ^ Jl^ ^ ^]^^^ ^^i^^ SjS.^ 



o]^}, £ 1 ^ £ 2« #s^>o^ ^^;^> ^^>^ ^^^^^^ 7fl^l- ^T^tb^l-. £ 

1^ FET^q- -B-^>^ ^^^> 7)1 If £.01x4. 

^^Pj(120)ol ^ 7fl^ ^-i- ^^(115 ^ 125)3ii- ?13flAlE-l(135)ofl ^^^}<^ $X^^ 
, ^^(tunnel junction)(115 ^ 125)fe (Ri.Ci)5il- (R2,C 2)^ ^^^^ ^ ^*>-§- 

^31 SlJl T^^AlElo^ ^^>^^o. CgOjcf. ^^>>a(120)2l ^^(A) ^ 
^^(B) AVolofl^ <^^^^V ^oj. Vo7> <?l7>5]o^ TlsflAlEi ^^(B)<^1^ ^^^V^ (120)^1 

^71^ ^]o]^ ^ Vg7> ^^£1<H Xi^. MOSFET^l- nfl-o o. 
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^. 'U^^^ ^^a- Vol- Asq- 9i7mjL Vg « n, ^= 

<12> ^. £ 2ofl M-Bl-^a w>S5l- e/CgS] ^7l« ^^sl S. 
■B: 1-^ ^^7> 1-^ ^£ ^Bfl (conducting state)<^lJl ^^1^1^ ^^7> Jis^ 

<13> ^^(115 ^ 125)^ ^l^flAl^^r (Rj. Ci). (R2, €2)^ ^^^1 

^>a-<^i <ao^^ c^-^oi}- ^c^-. 

^i'^^* Ri » h/e2 ~ 26 kOhm 1) 

<15> e2/Ct » kfiT (<^7lA-1 Ct = C1+C2+C g.) 2) 
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1020020078445 2003/3/12 
^^o]jL^ ^ 2^ ^^P^(120)^^ ^-i-^V*^ ^^1-71- 1-^ '^^«:>11 Sl^H cf^ ^ 

;^>7> ^^o\] o]t}c^ ^o]^^] *§>i^ ^ 9X^ i4e]-nh ^ 

Si 3717}- H-i^^lBi ^>^1-^^(120)^ 5S3f|Al€i7> aF ^^S. ^oV;;^o> ^c)- 

<17> ol5>)- ^V^Al7l7l ^^A^ <a^7> ^1i£]o1 , ^BflS} 

MOS S^^^l^Bl 7]^si^ S.^^^^ 7}y(\^ ^^^> E^;^1>,E-1* >ll^^>7l ^sfl^^^ 
^ ^ im 3.7] S\ ^^H^^ ^"^^VtII ^^^^171^ 7l#5l 7fl^ol ^^^oltq-. 

nm 37121 ^>^l->a# ^^11^ ^^HB^^ ^ ^zl- <^l-g-^H ^-f 

^ B.^ ^o^^^^ ^>-B-Sfl<=>> *mcll ol cflo. ^o. ^^^d ^1-^3^171 i^^oll cfl^A^AV 

<18> olsl- ^o] ^afl^l ^^;^> ±.7^^ ^:^7} ^^1: ^tb ^1^^ ^fl-f ^V^l-S.^ 

-S-t!:^. ^ ^tb 10 nm ^§^1 patterning 7l#3il-, ^y^l-# ^Bl^ ^ 

^ aF ^£21 ^3r>-g-^jil- kOhm^ ^-llJ-^ 7l-^ ^-f-^^-i: ^^^1-71 xqi^olcf. 

^^11^ 7l^ ^^-^S^ di;^> ^1-^21 711^ :liX> ;^l3l-ol 7}^t}c^ <^}^S.I1 ±l7}, 

^ ^dl^iM- ^#7l, S^^<^1 <^l-8-5lJi SI-^M-. :aci- ^-g-^oiji ^^7> 

Cl^l^ ^^^^21 ;*1121-^ 71^21 ^ll^/^^^o.^^ 7^21 ^7l-^^>Jl ^711^21 7)1^ 
ol ^^^Vcf. 
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<i9> iri-s^-^i. ^ ^^'^^ ti>5q- ^^^M ^^A^, ^ 

^^-2.^ ^1^^. ^ :E.5il<y ^^o] ^^o:]^ 

^2: ^-?-<Hl 7flo]M 7fl<5lS ^-a^ ^'Hl ^^Jslo^. Sr^^^'Hl ^<g-^ 

ol7>*l-7l ^tb TflojS i^srH ^^^> ^l^ttcf. 

100 nm c>l*>oli3^, ^el^^^ ^^1^ 3~5nmolJl, ^e)^ ^^H^^ 3.71^ 3~5nm 

<23> ^ ^^21 Cf^ 71:^:^011 :it^J^S. ol^£]7fl, :t^i/S-efl^ ^ 

^-§- ^s^if^^ ^^1^, >a-<^i ti]^^^ ^^^^i-<^ «v 
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^^1^. ^S^l^-^l ^511^ <^^^ ^^^^V^ ^^11- i^*>^ ^^^> 

^S^^f^^ ^^^^^1^, SOOr Ml^l 7001C^ SrS. 

, 1 ifl^l 3X10E-7 torr o]^}s. Ji^^^ -R-;^!^ ^BfloflAi, ^^H ^^^]^ ^e1^^ 
i^^>^ 7l-i# ^Aj-^V^ ^Tfl^. 500°C°flH 700°C^ ^iEoflA-l 4i^Al:<i :^o> 
Si* ^^^m 5L^% ^ ^cf. 

^ele* i^^m 7}^^ SiH4 Si2H6 ^11 10 vfl 

^] 1702:01 Jl, ;H12 ^1^^ 10 90^01 rf. 

w>^^t!: 7]^^ S017]^<^]J1, ^7] ti>H^l#^ ^1-71 S0l7l^^ 

^ ^^^V 4i^>5Jl- MOS :^^^liBl« ^^^^1-^ 

^-^l «1^^ ^el^#^ ^^^V^^ A<^^oil^ ^£^1# ^^^'^^^ 

A^<^^ Hl;^^^ ^Sl^^* Cl-^7llSl ^51^ ^j^l-AjS.^ O]-^^ ^ 

el^#o.s. ^A^^>^ ^^l^q-. ^7l ^^l^s ^oil TflolM ^^^^ ^^^*>^ n 
o]E. ^<^n ^'='11 TflolM ^>^^a^l-^ ^]:;msl- «>i^l#ofl ceflo] <^^^ ^ 
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lE^, TflclS. ^<?1^# ^-^^^V^ ^^1^. 5L£S^;^1^^^ ^l-§-*l-<^ B"^^* 

^BfloflA-l A<^^«^m ^] 1 TflolM ^o^nV^ ^^^^m ^71151-. ^7] ^^-^Hl 2 

^A^^^ ii^*>o^ A<g^S^ TflolM ^7ll7> B*^^Sl 

ojE ^^^^ -^^1 STfl ^>^^^>^ ^O] H>^^j^>Cf. 

^ ^^^^ -^e]^ ^^^7l#^ ^'^^i ^^IfexHl ^^^1-^71 nfl^oll ^^^^ 

^ 3.7]7} ^S. nm ^^>^> :E^^]>;El7]. ^^3r>^ ^^V^^ 3.7] M.^ 

a-cf. ZL&IM-, o^&l 7>;^1 wv^o^ 7]-^a-i ^ ^uz}- ^ nm 37l5i ^>^>>a<^l 

'^M, £ 3 ^ £. 4a. £ 4b tfl^l £ 11a, S. llb# %i-S§V<^ «]-^^ 

*^l-§-t!: ^^;=<> S^^l^iE-lsq- MOS M^^I^E-ll: ^X\6\] ^^^^-^ 
^Mltrl ^^tl-^-. cV^, ^ ^^<^] 4^ ^^^> 4i;^>^ ^12:^ tiV^^l MOS E^^l^iBl 

£ 3* ^^^] 7] ^9] <U^]o] SOI (Silicon On Insulator) 71:^^ ^^^^ 

:^ -f-^^^^ S0l7l3&^ ^el§7l:^o.s. ^-i-o^^ ^1^171^(310) ^<H1 

(320) ^ ^^^j«}:i^lf^(330)ol H ^^itfls. ^^^S)^ ^Bfls. ^ ^ 
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^Hl«^l^i^ S0l7l^^ oill- -i-cH 9X^^. n<^]^, 

<32> o]^]., S0l7l:^ollA^ ^^;^> ^j^]- 4a ifl^] ^ u^^. , MOS 

-^^^ £ 4b S. llbS iLAl^H 7l^ A]^ 4^ ^^6\] 

<33> £ 4a ^ £ 4b^ ^o^# ^*f|A-l c1.^p;> E^;^l>^E-l7> ^^(A)^^- 

MOS E^^i>,E-l7> ^^^^ -^^(B)l- tcj-S £Al^>ji o;i^ln>. ^^ofl oJo^a^^ 

7]^ cf^ -^^ofl ^'^^^ ^^^>cf. £ 4a ^ S 4bfe ^^;^> H^^lrfiEij]- ^ 

^^(A)SV MOS H^^l>^E-l7l- ^^(B) z]-z]-5l ci-^^ «}-£^l#(330)oil 

SI- (Active layer ^^^}7] ^^^^ e)^iie|-5xl ^ ^z^- ifj-i^^ <^l-§-*]-<^ sfl 

El^tl: ^^^^ o^cf. 

<34> £ ^^:^} E^;^i>,E^o^ «-«(A)o^ ^11^ ^7>S. ^z^-t!: ^» :£ 

'HlA-l IE 5a2] A]-§-^ o;^cf. ZLSm, £ Sa'^l-^i ^^^V S^^l 

iBjo^ ^fl^ <^«^(Active layer)^l ^^fl-f ^l^-flt!: ^7l(cm^ ^o] <^ 

100 nm «^l*»ol7l nfl^oi] ;£ 40^ ^S=^b:>J1 m}S. S. 5a^ ^^*>^ 

7l#^^ \+olS7> ^1-^*1 ^g^ofl 7>^^ ^<^m-. ^1 ^^^> ^^<=>] y 

# ^^V^ ^^H^* ^4^H ^l7l nfl^oll ^fl^S] ^i^j-o] u]^ 

^irf. it|-e}Ai ^^^$] ^^*>7]1 s^slo1o> 100 nm 
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i 6a ^ £ 6b» %i-^*>^, ^^^Hl ^51^^(340)^ ^ 

^-f w]^^ ^ si ^#(340)^ 20 nm ^]^}S. ^^^^>^ ^^1 a>^2j^].i::^-. vi\ 

^2}-^ ^^€rO] ^'U^M ^;^^> Eigl 

'^l-B-^tq-. wl^^ LPCVD "o'-^^ ^l-S-^V'^ 530 °C ^l^Hl^i ^2l-7>^^>c|-. 

:£ 7a ^ £ 7b» ^e)^^(340)^ ^^^> M^^^l^Bloi ^fli^o] 

Cfs. cg^o^ i3]Pg^ ^Sl^^(340)^ iS. 5l4hIlBl-3Xl 7l# ^ 

^ <^1^^H ^iTlt!:^-. ^■'5]:. -^g^^ i^^H i£ el^l^H 

(350)5. jasB^-^ ^^^*>5l^m ^^^><5^ ^^>^ ^^Jofl <^^^ 

'^^<^l^i ^fl^c^l ^7^^^ ^S. 7}^*>cf. o] 

^4-. ^ Hi ^^(340)^ ^^^V^ 7]^^ °fl^ ^A^m. l-el-^n>^ o]^^ :^ 

^^^^ ^ Si ^f- (340)21- ^Sl^f'(330)5l X|z^-o] -g-ojsl-^i ^-^ 

^, MOS M^^l:fiEi:^(B)^ ^sl^o] ^ef^i^Hl i:,^^ ^o. 

^^1 5l<H W ^^1- ^^^^1 #^1 '^«c!=# Dl^lTi] ^cf. oieitb ^^<^l^i ?i 

el*>^. ^^^^ -8-^ o.^^ «^1» -i-ol + # + HF « 100 : 40 : xS. ^^^H ^} 
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<=>] ^-f ^-i- 3 ^S. ^<^1 a]^^ ^e^e^ ^e) 

£ 8a ^ £ 8b^ H]^^ ^5^^^(340)<^1 ^;^ll*>^ 
^£l^#(HSG-Si)(360)-g- ^^icf. a]-^^ ^e]^#(360)^ ^^^^V^l ^t!" ^ 

<^1* -^Ml*] ^^W. ^^i. 500°C<^1^^ 700°C^ 'a^t!: ^iE<H]A-l i vfl 

^1 3X10E-7 torr <^1*>S. Jl^^^ -R-^^ltb ^^^-^ i^*>^ 7>>i(SiH4.Si2H6 

500°C<^lAi 700 ^£<^1^1(<^11- ^o] , ^77}^] ^^7} :^7\] ^ 

^ 9X^). ^]'^]^ ^5. 7l^o.^ ^ 600d30TC^ ^i^l^i ^^^^ =t^*S ttT^C^l 

^tfl ^wlo^l>^^ >H1^*>^ 60*C~130'C o]^ ^nf). o]t^ 7}<^^^]:^^ >y 

^(growth)^l^(T2)-^S ^^tbcf. "^^^^ , a]^^ ^s]^#(340) ^<^1>H^ ^ 
°1 ^^ ^^^S. ^5l€- ^^1-1:<^1 cj-^^H ^T^^ S.'y^^ ^el^ ZLeflo] 

^-f «>^2]t!: S?!^ #5^11^, ^#3}^ ^-^c^l^^l ^*>^ -^e^^ 
f^-gr 5nm ^S'Hl^i ^eflo] a>o1^ 7nin^S.7l- ^^^V t:-]^ 

Hl^^ ^v\]7} 2~3nmol^ ^^^^ «V^^ ^Bl^#(360)sl ^^^l7> tflef 3~5nin 

<^1* •i-<H, -^1:^ 10 170^ ^5l-7>^^H, ^^^^ Al:<io. 10 oflAi 90^ 
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t^^j^S. £ 9a ^ :£ 9bl- AMB. ^^mSlOa, 370b)# ^^^t]:'=f. £ 

Sa'^l^^ ^^^^ oV^^ ^H^^^ ^^^1-711 ^^^<^ 9X^]^ nfl^ ^e^^ 

cf. ^eflS^lr^ ^>^>^ o.^^-^ t}?]] 5\<:>] ^7^7} nfl 5^ -g-iflo^ 

^-^^-^.S-^i ^^^1- E^;^l>.E-1S^ ^^^^ 7>^*]-7ll tb^:!-. TflojE AVsj-cV 

S.^^l>iBloflAl ^7}^ ^5fl<?I A>o]o) ;^>C>^S.^ ^^>#ol 

Bj^^* <^l-^^-^S.>>*| 7}^t}7]] :gt:f. ic).e|-A^ z^- ^^>>gi- A>olo)l^ E^^^o] 

7l-¥t!: ^^1. <^1« 10~15A ^sl-^i-o] o;ic]-. tJ-^, TflolM ^ 

-f-^V*^ <^1^* ^1:<^1 t-1 ^<i> ^Cf. tcj-ej-^i «J-^1*>7] ^Sfl ^^7.} E^^l^ 

Bl^l TflolE AVsl-n^^ -a:^^^ ^}-^^ ^7}S. ^^^M 7\]o]BS\- ±.:^ , 

J^efl'a B]^^^ iaJ-^l^>c^o> ^cl-. t!-^, MOS M^^]riiBlo^ ^7]-$\ ^■ 

MOS 850 °C o]t}2] yi\\J{^^o\]^^ ^21^* 'ar^S ^51-^1 

^ 50Ao]^}S. 7>^€r>ji, jL^o.^ -^^*>^ MOSi^>sl ISA^^V^l -^-sl-^sl ^ 
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. cfla^^ IJ-'^^ LPCVD SiH4 + O2 S^^^S. ^^^\7]^ TEOS. 

TEOS + O2I- ol-i-t!- «oV^ol oxv].^ 

^o] al-^^jsVcf. Tji^ci TflolM ^q-s). 4i^/:B2ll«y ^q-sl E]^^^ n^7l ^ LPCVD 
^ icf d ^^i^ ^^^^ ^ 9X^. ^, ^^H^l-o] 9X^ ^^^>^^ 

^}^. 

tq-#o.^, £ lOa ^ IE 10b« ^^^M, TflolE ^q-(380)^ ^^^tt ^ ^ 

-arsj-^lTlM- >i5llolAi :^o^ (Side-wall)^ ^^^tlr LDD 
(Lightly Doped Drain) ^7>^ ^S. ^c)-. 

t^-^-O^, 3E 11a ^ H iM^i^ ^^^-(400.410)-^^ ^.2.^ Tflol^ 

= » ^^it}7] ^oll C^^S] BflAl^ ^^^^f^ ^^51^1- ^^^^ 
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<45> (-^^ojl) 

<46> ol^>, ti]^^ ^5^^^(340)01 ^^1]^>^ ^^ofl HV^^ ^el^(HSG-Si)(360)* ^ 

<47> ^ih^el al^g^ ^Hl^ t\.^3!}. :Q:o] ^wltbcf. 8" p-type 

^el^(100)?-llols1 ^oll lOOnm -^^^IS. t^^S. ^e)^ ^A>olc,a. ^^^^cf. 

£^^^^1 wl^^ ^Bl^f-^l LPCVD'S'^'fl ^^^i 530TC<^l^i ^^l-^cf. 

wl^^ ^^^1^ 5 ifl^l 20ninS ^-§--^S. ^1 aas.^ ;^i.o^A>^n].^ 

HSG ^^1^^ ^1= 10-7 Torro]^, 

580 tfl^] eoor^^M ^si-* ^^c]-. ^s.^ ^ofl ^^*>7ii 

^^tl-T=l-. ^aH:e7> ^a^^ ^ ojj£^ Afl^o. ^«^| 7].<g^rq-. ^fl«1vfl-^S >S 

^*>1^. ^J^l-^l^i^ SiH4 Si2H6 ^-H-^ 71-^1- ^<yf-^^^ 

Si2H6 30sccm o] ^<y£lo^ ^JtHS^ 10"^ Torrolcf. 3^;^l^l^i^ Ji:5l^^l-ofl 

<>1^^^-5.S.Ai ^El^ ^^^>Al?Jtq-. scfTil ^^^o) A]:^o. A^^Al:^Vo. 

s. ^i^^t]-, tb^, ^a-^^ -5*1:^ ^]^^ ^^^>^1^^ M-i^ ^^21 ^£sq- =L7lofl 
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10 <^]^^ 90^S ^^^l^l^a^i ^^^>5^cf. 

(1) ^^i. 20ninSl ^g^^^^ oj-g-^VjI 590<^1>H 600 90<^]>H 
150^^ ^1:e- A]^, A^;^j- A]^^ 90^3. Ji^^VS^ nfl, M-i^^i-^ 371^ ^^s:?i<^l 
rc[^ 3.7]] cfs^i ^S0::n., ^^s^iofl ^V^^l^V 9X9X^. ^^^^ ^^7} ^ji 

>5<]^ X\^o] ^El^^Sl c-l ^6>;^1^ ^^o] ojojr^ ^^^^ ^ 

<y: M-i^^^ -xl^ Al^<Hl ^s. 2|-f€i=f. ^1:^ ^11!:^ ^71-^ ^ 

(2) lOnmfil w]^^ oj-g-^Vji 590°C2l ^^^^i. 90^5^ A^;g- 
A]^, >i<):^ Al^^ 90^<^lA-1 1302:S ^^Al^4. £ 12a ifl^^l £ 12c^ ^-Br 2i 

^^HlAi ^Alt!: *«flA-1 ^S^^ M-i:-^^ 37] SAj^Vjl ojc^ 3^ 

12a^ -i^l:^ Al^o] 90^, £. I2b^ -5*1^ ^]^<^] llOSi, £ 12c^ ^]^<^] 130^91 

^-fojcf. Al^^ ^7>^ A>ol^» 37il*>Jl ^ 

7]] <y:^ ^cf. .j<i:e. Ai^o^ ^7].^ t-1 ^o] A^>^^^>^ ^^ Aj-ojo^ Tie) 

7> 7l-^7K^ X]^^ A^^ ^^fl^ ^£ olt^.. 12c^ A>ol= ol§ 

oj^ ^ ^o]z]., o]^ ^9m7] ^tflA-1 130^^ ^IJE. Al:^aJ)- 590£5^ 

^iE.<^lA-l Al^V^ 90 Vfl^l 302:^ ^SI-AIt!^ 7>lgA^ ^>^1^. H ^^ij-ofl 

^t!: M-i^^^ 371 3£ 13a ^^] S. 13c:£a]*>ji ojcf. £ i3a^ S. 13a 

^ ^]tt<'] 90^, S. 13b^ -^^^ ^1^<^1 70^, £ 13c^ ^1^<^1 30^<?1 ^-fo] 
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-^S^ ^^i^l ^7]-A]^ ^^cf. wl^^^ ^el^^s^ ^7l]« 

(3) 5rmS] w]^^^ ^Bl^^f-^ ol-g-^>jl 584£Sl ^^^JE, ^1^4 ^1;= a]:^ 

^ z^-z^- lOsoflAi 50^S ol&j^ srHl^H ^Bl^ M-i^^S] ^5.^ ^ 

^71-51^ IL^^. cfle^^o] ot 2.6>40lVcm2 ^l^Jl, SEMA>^-i- 

^H<^1 ^^>^ 9X9X^. ^>^1^^ 7nm ^^^Sl^cf. rcfeJ-Ai , 

* $1^^-. £ 14^ ^m^if ^1= Al:^^ zl-z^ lo^sq. 50^01 ;g 0.0] ^e^^ q. 

ii^5l SEM '^li^l^l* <:^m -i-cH £Al^>jl olt). 

7l#^ <^l-§-^>^ ^^>^* jLi^l-^-^^ ^^j^>:a, oil- tij-^-^S 71^51 
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7l:^>a-<Hl, dt^ o]^^ ^ ^^o] c^<^o] 7^^^ ^^^]%-] 

^2: ^^^^ TflojE ^c^^; ^ 

s^^V^ ^^^^ ^^i^s ^^;^> ^>^>. 

2] 

^1 1 ^1-71 lt^^ 100 nm oj^V^ ^-8: ^^l.^.^ ^^:^> rli 

[^^^J- 31 

^ 37]^ 3~5nra<?l ^^^-^.S. ^^^> 
4] 

>a-7l >a-<^l Hl^^ ^E^^^^ ^^^*><^ ^7l yVS-^lf- A>olo11 ^v^^cg^ 
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^711; ^ 

-^^-71 ^Bl€-f^* 500 °C vfl;:^] 700 -&Sl, 1 tfl;^l SXIOE-^ torr 

^^^^ -^r^m ^n^]>^^, m ^^^]^ ^^^^ s.^^}^ 7>>i» ^a>*>^ 

> p< 

500t:<HlAi 700ic£q ^s^il^i ^12 :±i^jAi^ ^^^si^ ^^sf^ s^*> 

^1 5 -^7] ^51^^ i^^m 7l-:±i^ SiH4 Si2H6 <?! 

71 

^1 5 ^^A^. ^>7l ^11 rd^^A]^^ 10 ifl^^l 1702:01 Jl. >a-7l ^l2 ^]:^^ 

10 tfl^i 90^ <y ^^i^s ^^^f dt:;^l-^ ^ls*y-'^. 
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[^^IJ- 81 

^1 4 ^^^] 9X<^^j. ^^7] 100 nm c>lsr>o]ji, ^y] ^e]^f^^ w> 

3~5nin<5lJl. -^-^l ^e)^ ^^V^^ 3.7]^ 3-5nm^ t}^ ^ 

^;<>^ ^I^IJ-'^ . 
9] 

^1 4 «J-<H1 ^c>lA^^ ^7] iii^ 100 nm <^1^>^ ^-i- ^^^.^S. ^^^^V ±. 

7^S] 

[^^^ 10] 

^1 4 %H1 SZ^^i, ^^7l 7l^^ S0l7l:^olji, ^7] ^VS^l^^ ^7] S0l7l:^^ a] 

11] 

^:^7.} 4i;^>5q- MOS ^^^l>^Eil- :g-Aloll ^^^^sr]-^ ^IS^J-^ol] $X^^] , 

^7] a}-3E^l# ^Hl til^^^ ^s^^f^^ ^^i-*><^ A^^^oll'?]: te^lf^ 
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^7] ^S^lf-ofl =5110] <^^# ^^^^>^ ^A]Mr S.^^}^ ^^1-2.3. 

^^^> ^^V^q- MOS m€^l^H.^» ^^]^ ^12:«<3-^. 
[^^^1- 12] 

;^1 11 9X^^^, 

^7] TflolE ^^nV^ ^^^*V^ ^7^1^, 

5LS&l;^l^mi- oi-g-e>o^ B'^g^* ^EfloiiA^ A'=g^<Hl^ ;^1 i TfloiM ;io^n^^ 

^^1 ^s^Hl ^1 2 ^^^^ ^^^^V^ if-^V*^ 

A^«^^ TflolE ^o^nVo^ ^7]]7} B'm^ 7\]o]B. ^<^n^ -X-^l STll ^^^5] 
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